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LP2952/LP2952A/LP2953/LP2953A 

Adjustable Micrcipower Low-Dropout Voltage Regulators 



General Description 

The LP2952 and LP2953 are micropower voltage regulators 
witti very low quiescent current (130 jaA typical at 1 mA 
load) and very low dropout voltage (typ. 60 mV at light load 
and 470 mV at 250 mA load current). They are ideally suited 
for battaiy-powered systems. Furthermore, the quiescent 
current increases only slightly at dropout, which prolongs 
battery life. 

The LP2952 and LP2953 retain all the desirable characteris- 
tics of the LP2951, but offer inoi«ased output current, addi- 
tional features, and an improved shutdown funetloa 
The internal crowbv pulls the output down quickly when the 
shutdown is activated. 

The en-or flag goes low if the output voltage drops out of 

regulation. 

Reverse battery protection is provided. 
The internal voltage reference is made available for external 
use, providing a low-T.C. reference with very good line and 
load regulation. 

The parte are avaWabfo in DIP etKl surtece mount paektges. 



Features 

■ Output voltage adjusts from 1 .23V to 29V 

■ Guaranteed 250 mA output current 

■ Extremely low quiescent current 

■ Low dropout voltage 

■ Extremely tight line and load regulation 

■ Very low temperature coefficient 

■ Current and thermal limiting 

■ Reverse battery protection 

■ 50 mA (typical) output pulldown crowbar 

■ 5V and 3.3V versions available 

LP2953 Versions Only 

■ Auxiliary comparator included with CMOS/TTL compati- 
ble output levels. Can be used for fault detection, low 
input line detection, etc. 

Applications 

■ High-efficiency linear regulator 

■ Regulator with under-voltage shutdown 

■ Low dropout battery-powered regulator 

■ Snap-ON/Snap-OFF regulator 
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Block Diagrams 



LP2952 



LP2953 
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Absolute Maximum Ratings (NoteD 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature Range — 65'C S Ta ^ + ISCPC 
Operating Temperature Range 

LP2952I, LP2953I, LP2952AI, 

LP2953AI, LP2952I-3.3, LP2953I-3.3, 

LP29S2AI-3.3. LP2953AI-3.3 -ACfC i Tj S + 1 25-0 

Li>2953AM -dSfC i Ta + 125»C 

Maximum Junction Temperature 

LP2962I, LP2953I, LP2952AI. 

LP2953AI. LP2952I-3.3. LP29S3!^j3. 

LP2952AI-3.3, LP2953A1-3.3 +125»C 

LP2953AM +150°C 

Electrical Characteristics Limits in standard typeface are for Tj = 2S°C, bold typataca applies over the full 
operating temperature ranga Limits are guaranteed by production testing or correlation techniques using standard Statistical 
Chjality Control (SQC) methods. Unless otherwise specified: V|N = Vo(NOM) + IV, II = 1 mA, Ci = 2.2 )iF for 5V parts and 
4.7fiF for 3.3V parts. FiBedback pin is tied to V Tap pin. Output pin is tied to Output Sense pin. 



3.3V Versions 



Symbol 


Parameter 


Conditions 


Typical 


LP2952AI-3.3, LP29S3AI-3.3 


LP2952I-3.3, LP29S3I-3.3 


Units 


Min 


Max 


Min 


Max 


Vo 


Output Voltage 




3.3 


3.284 
3.260 


3.317 
3.340 


3.267 
3.234 


3.333 
3.366 


V 






1 itiA ^ II ^ 250 mA 


3.3 


3.2S4 


3.346 


3.221 


3.379 





5V Versions 



Symbol 


Parameter 


Conditions 


Typical 


LP2952AI, LP2953AI, 
LP2953AM(Note17) 


LP2952I, LP29S3I 


Units 










Min 


Max 


Min 


Max 




Vo 


Output Voltage 




5.0 


4.975 
4.940 


5.025 
5.060 


4.950 
4.900 


5.050 
5.100 


V 






1 mA i II s 250 mA 


5.0 


4.930 


5.070 


4.880 


S.120 





All Voltage Options 



SymlMH 


Parameter 


Conditions 


Typical 


LP2952AI, LP2953AI, 
LP2952Ai-3.3, LP2953AI-3.3, 
LP2953AM (Note 17) 


LP2952I, LP29S3I, 
LP2952i-3.3, LP2953I-3.3 


Units 










HIn 


Max 


Mm 


Max 




AVo 
AT 


Output Voltage 
Temp. Coefficient 


(Notes) 


20 




100 




ISO 


ppm/*C 


AVo 
Vo 


Output Voltage 
Line Regulation 


V|N = Vo(NOM) + IV 
to 30V 


0.03 




0.1 
0.2 




0.2 
0.4 


% 


AVo 
Vo 


Output Voltage 
Load Regulation 
(Note 6) 


II = 1 mA to 250 mA 
II = 0.1 mAto 1 mA 


0.04 




0.16 
0.20 




0.20 
0.30 


% 


ViN-Vo 


Dropout Voltage 
(Note?) 


II = 1 mA 


60 




100 
ISO 




100 
ISO 








II = 50 mA 


240 




300 
420 




300 
420 


mV 






Il= 100 mA 


310 




400 
520 




400 
S20 






lL = 2S0mA 


470 




600 
800 




600 
800 





Lead Temp. (Soldering, 5 seconds) 
Power Dissipation (Note 2) 
Input Supply Voltage 
Feedback Input Voltage (Note 3) 
Comjjarator Input Voltage (Note 4) 
Shutdown Input Voltage (Note 4) 
Comparator Output Voltiige (Note 4) 
ESD Rating (Note 15) 



260'C 
Internally Limited 
-20V to +30V 
-0.3V to +5V 
-0.3Vto+30V 
-0.3V to +30V 
-0.3V to +30V 
2I(V 
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EleCtriCSl CharSCteriStiCS Umits in standard typeface are for Tj = 25°C, bold typeface applies over the full 
operating temperature range. Umits are guaranteed by production testing or correlation techniques using standard Statistical 
Quality Control (SQC) methods. Unless othenmse specified: V|n = Vo(NOM) + 1V, II = 1 mA, Cl = 2.2 /iF for 5V parts and 
4.7)jtF for 3.3V parts. Feedback pin is tied to V Tap pin. Output pin is tied to Output Sense pin. (Confinued) 


All Voltage Options (ck>ntinued) 














Symbol 


Parameter 


Comflttons 


Typical 


LP2952AI, LP2953AI, 
LP29S2AI-3.3, LP2953AI-3.3, 

LP2953AM (Note 17) 


LP2952I, LP2953I, 
LP2952I-3.3, LP29S3I-3.3 


Units 










Min 


Max 


MIn 


Max 




>QND 


Ground Pin Cun^nt 
(Notes) 


lu= 1 mA 


130 




170 
200 




170 
200 








lL = 50mA 


1.1 




2 
2.5 




2 
2.S 








II = 100 mA 


4.5 




6 





6 


mA 






II = 250 mA 


21 




28 
33 




28 
33 




Iqnd 


Ground Pin Current 
at Dropout (Note 8) 


V|N = Vo(NOM) -0.5V 


165 




210 
240 




210 
240 


VA 


'gnd 


^JIUUTIU "III wUilOlii 

at Shutdown (Note 8) 




106 




140 




140 




'uMrr 




"OUT " 


380 




500 
830 




500 
830 


mA 


AVq 

ADrl 


Thermal Regulation 


(Note 10) 


0.05 




0.2 




0.2 


%/W 




Output Noise Voltage 


Cl = 4.7 


400 














Il = 100 mA 


Cl = 33 (jF 


260 










^VRMS 




Cl = 33hF (Note 11) 


80 












Vref 


Reference Voltage 


(Note 12) 


1.230 


1.215 
1.205 


1.245 
1.2SS 


1.205 
1.190 


1.255 
1.270 


V 




Reference Voltage 


V|N = 2.5VtoVo(NOM) + 1V 


0.03 




0.1 




0.2 


% 


Vref 


Line Regulation 


V|N = Vo(NOM) + 1Vto30V 
(Note 13) 




a2 




0.4 




AVref 

Vref 


Reference Voltage 
Load Regulation 


Iref = to 200 f(A 


0.25 




0.4 
0.6 




0.8 
1.0 


% 


AT 


Reference Voltage 
Temp. Coefficient 


(Note 5) 


20 










ppm/*C 


Ib<fb) 


Feedt>ack Pin 
Bias Current 




20 




40 
SO 




40 

eo 


nA 


to 

(SINK) 


Output "OFF' 
Pulldown Current 


(NoteS) 


50 


30 
20 




30 
SO 




mA 
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Electrical Characteristics Umits in stmdaid typeface are for Tj = 2S°C, bold tfpotaeo applies over the full 

QuaH^ Control ISOCi methods. Unless (dheiwto spedfied: Vm = Vo(NOM) + 1V, II = 1 mA, Q. 2.2 fiF for SV parts and 
4.7fiF for 3.3V parts. Feedback pin is tied to V Tap pin. Output pin is tied to Output Sense pm. (C^^ 


SyiiAol 


Parameter 


Conditions 


Typical 


LP2952AI, LP29S3AI, 
LP2952AI-3.3, LP29S3AI-3.3, 
LP2953AH(Nota17) 


LI>2S»l,LP»S3i, 
LP2952I-3.3, LP2953I-3.3 


Units 


Mln 






Hn 


DROPOUT DETECTION COMPARATOR 


'oh 


Output "HIGH" 

Leakage 


VoH = 30V 


0.01 




1 
2 




1 

2 


M.A 


Vol 


Output "LOW" 
Voltage 


V|N = Vo(NOM) - 0.5V 
lo(COMP) = 400jiA 


ISO 




250 
400 




250 
400 


mV 


Vthr 
(MAX) 


Upper Threshold 
Voltage 


(Note 14) 


-80 


-80 

-o» 


-35 
-25 


-80 
-OS 


-35 
-25 


mV 


Vthr 

(MIN) 


Lower Threshold 
Voltage 


(Note 14) 


-85 


-110 
-100 


-55 
-40 


-110 
-ISO 


-55 
-40 


mV 


HYST 


Hyslerasis 


(Note 14) 


15 










mV 


SHUTDOWN INPUT (Note 16) 


Vos 


Input Offset Voltage 


(Referred to Vref) 


±3 


-7.5 
-10 


7.5 
10 


-7.5 
-10 


7.5 
10 


mV 


HYST 


Hysteresis 




6 










mV 


Ib 


Input Bias Current 


V|n(S/D) = C 


VtoSV 


10 


-30 
-SO 


30 
50 


-30 
50 


-30 
50 


nA 


IP?953SM 




■30 
7 6 


30 


AUXIUARY COMPARATOR (LP29S3 Only) 


Vos 


Input Offset Voltage 


(Referred to Vref) 


±3 


-7.5 
-10 


7.5 
10 


-7.5 
-10 


7.5 
10 


mV 




LP2953AM 


±3 


-7.5 
-12 


7.5 
12 


HYST 


Hysteresis 




6 










mV 


Ib 


Input Bias Current 


Vw(COMP) = 


OVtoSV 


10 


-30 
-BO 


30 
50 


-30 
-50 


30 
00 


nA 




LP2gS3AM 


10 


-30 
-75 


30 
75 


lOH 


Output "HIQH" 
Leakage 


VoH = 30V 
V»»(COMP) = 


1.3V 


0.01 




1 
2 




1 

2 






LP2953AM 


0.01 




1 

2.2 


Vol 


Output "IjOW" 
Voltage 


V|n(COMP) = 
WCOMP) = 


1.1V 
400 ;iA 


150 




250 
400 




2S0 
400 


mV 




LP2953AM 


ISO 




250 
420 





Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device outside of its rated opentkia conditions. 

Hots 2: The inaxifmim allowiMe power dissipation is a function of the rinxiiiiiim Junction tsn^ 

and the ambient temperalae, T». The maximum alloii»able power dteeifwitinn at any ambient temperature Is calculated usina: P (MAX) = ^-l^***^ — If 

•j-A 

Exceeding the maximum allowable power dissipation wHI cause excessive die temperature, and the regulator will go into thermal shutdown. See APPLICATION 
HINTS for addnional information on heat^nUng and ttwnnal resistance. 

Note 3: When used in duat-suppty systems wtiere ttie regulator load is returned to a negative sufipfy, the output voitage must be dtode^^famped to ground. 
NotB 4: May exceed the input supply voltage. 

Note S: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range. 

Note 6; L.oad regulation is measured at constant junction temperature using low duty cyde pulse testmg. Two separate tests are performed, one for tfie range of 

100 ^ to 1 mA and one for the 1 mA to 250 mA range. Changes in output voltage due to heating effects are covered by the thermal regulation spedficaAion. 
Note 7; Dropout voltage is defined as the input to output differential at which the output voltage drops 1 00 mV below the value measured with a 1 V dIfferentiaL At 
very low values of programmed output voltage, the input voltage minimum of 2V (2.3V over temperature) must be observed. 

Note 8: Ground pin current is the regulator quiescent current Ttw total cur rerr t drawn Itam fhe aounse is the sum of ttte graund pin cuiranti output toed current, and 

current through the extemai resistive divider (if used). 

Note 9: VsHUTDOWN S 1-1V, VouT - Vo(NOM). 

Note 10: Thermal regulation is the change in output voltage at a time T after a change in power dissipation, exdurjing load or Una regulation effects. Specifications 

are for a 200 mA load pulse at V|N = Vo(NOM)+ 15V (3W pulse) for T - 10 ms. 

Note 11: Connect a 0.1 capacitor from the output to ttie feedback pin. 

Note 12: Vref ^ VouT ^ tV|N - 1V), 2.3V £ V|n <: 30V, 100 jiA £ 1l £ 250 mA. 

Note 13: Two separalB tests are perfomied, one covering 2.5V £ V|n £ Vo(NOM) + IV and the other test for Vo(l40M)+ IV £ V|n £ 30V. 

Note 14: Comparator ttirssholds are ei^Nessad in terms of a vottage dtffeiential at the Feedbadt terminal bdow tfie nomina) reference voltage measured at 

V|N = Vo(NOM) + 1 V. To express these thresholds in tarns of output voltage change, multiply by the Enor ampHfler gain, which is Vqut^VreF = (R1 + R2)/R2 

(refer to Figure 4). 

Note 15: Human body model, 200 pF discharged through 1.5 ksl. 

Note 16: Drive Shutdown pin with TTL or CMOS-low level to shut regulator OFF, high level to turn regulator ON. 

Note 17: A military RETS spedfkatian is available upon request At the time of printing, the LP2953AMJ/883C RETS specMcafion complied with the boldfaeo 

Rmits in this column. 



5 



Typical Performance Characteristics unless otherwise specified: Vin = ev, iu = i mA, cl = 2.2 hf. 

Vso = 3V, Ta = 25°C, VouT = 5V. 



Quiescent Current 



Quiescent Current 



Ground Pin Current vs Load 
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-75 -50-25 25 50 75 100 125 150 
TEMPERATURE ("C) 
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OUTPUT CURRENT (mA) 



Ground Pin Current 







































r 

































































































































t 2 3 « 5 6 7 
INPUT VOLTAGE (V) 



Ground Pin Current 




^ - 250 mA 



^ = 100mA 



-75-50-25 25 50 75 100125150 
JUNCTION TEMPERATURE ('C) 



Output Noise Voltage 




LOAD CURRENT (mAj 



Ripple Rejection 



Ripple Rejection 

















































iL = ln 
































= tOmA 




Ripple ReJeeUon 



0.01 0.1 1 10 100 leoo 

FREQUEIiCr (KHz) 
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0.01 0.1 1 10 100 1000 
FKSUEMCr (KHi) 



Line Transient Response 



Line Transient Response 



Output impedance 



Eg 6V 



02 (U OA 9JB 
TIHC (n») 



S > 
. o 

si 

° -40 















Cl = 33^F 


















10 


mA 
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1 




1 





TIME (mi) 




0.01 0.1 1 10 100 1000 

FliEOUENCT (XMz) 

TUH/1 1127-3 
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Typical Performance Characteristics unless otherwise specifled: vm = ev. il = i mA. cl = 2.2 hf, 

VsD = 3V, Ta = 2PC. VouT = 5V. (ContinuecD 



Load Transient Response 



Load Transient Response 



Dropout Cliaracteristics 



2 < -400 

o 

-800 
J 250 mA' 
ii inn... 



8 12 16 
TIME (flw) 



o ' 

> Ui 



-200^ 
,_ 250 mA'' 

Sg tOOMA 
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TIHE (nn) 







































































































L = 100 uA 











































































































































































2 3 4 

mm voLUCE (v) 



Enabie Transient 




Enable Transient 




Short-Circult Output Current 
and Maximum Output Current 




-75-50-25 25 50 75 100 125150 
JUNCTION lEMPESATUFE (»C) 



Feedbacit Bias Current 



Feedback Pin Current 



Error Output 



-75 -50-25 25 50 75 I0012S«S0 
TEHPCmmiliE (°C} 



Comparator Sink Current 




0.0 0.1 0.2 OJ 0.4 0.5 0.e 0.7 M 0.9 
OUTPUT LOW VOLTAGE (V) 



2 -150 
^ -200 





























= 12 




























= 25° 
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= -5S 


°C 









-2.0 -»J -1.0 -0.5 0.5 1.0 
FEEOBACK VOLTASI (V) . 

Divider Resistance 




-75 -50-25 25 50 75 100125150 
TEMPBIATUIIE (°C) 
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Dropout Detection 
Comparator Threshold 
Voltages 




-75-50-25 25 50 75 100125150 
TEHPERATURE (°C) 

■nyH/11127-4 
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Typical Performance Characteristics umess otherwise specked: vm = ev. il = i mA. cl = 2.2 jif. 

VsD = 3V, Ta = 25'C, VouT = 5V. (Continued) 

Thermal Reguiation Minimum Operating Voitage Dropout Voitage 




o 1.9 
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Sciiematic Diagram 
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Application Hints 

HEATSINK REQUIREMENTS (Industrial Temperature 
Range Devices) 

The maximum allowable power dissipation for the 
LP2952/LP2953 Is limited by the maximum junction temper- 
ature (+ 125°C) and the external factors that determine how 
quickly heat flows away from the part: the ambient tempera- 
ture and the jurictiori-tcy^rMeflt thmtml fSseats0e0l&rt\B 
specific application. 

The industrial temperature range (-40°C ^ Tj :£ + 125°C) 
parts are manufactured in plastic DIP and surface mount 
packages which contain a copper lead frame that allows 
heat to be effectively conducted away from the die, through 
the ground pins of the IC, and into the copper of the PC 
board. Details on heatsinking using PC board copper are 
covered later. 

To determine if a heatsink is required, the maximum power 
dissipated by the regulator, P(max), must be calculated. It Is 
important to remember that if the regulator is powered from 
a fransformer connected to the AC line, the maximum 
specified AC Input voltage must be used (since this pro- 
duces the maximum DC input voltage to the regulator). Fig- 
ure 1 shows the voltages and currents which are present ih 
the circuit. The formula for calculating the power dis^pated 
in the regulator is also shown in Figure 1: 





IN OUT 


VOUT 


\ 








LP2952/ 






U>2953 




LOAD 




GND 















= II ♦ Ig 



T 



~ ~ TL/H/11127-7 

PtoTAL = (V|N - Vout) 1l + (Vin) Ig 
FIGURE 1. Current/ Voltage Diagram 

The next parameter which must be calculated is the maxi- 
mum allowable temperature rise, TR(max). This is cedculat- 
ed by using the formula: 

TR(max) = Tj(max) - TA(max) 
where: Tj(max) is the rnaxfrniim allQw^le junetfon tempera- 
ture 

TA(max) is the msedmum ambient temperature 
Using the calculated values Xm TR(max) and P(max), the 
required value for junction-to-ambient thermal resistance, 
6(j_A), can now be found: 

»(J-A) = TR(max)/P(max) 
The heatsink is made using the PC board copper. The heat 
is conducted from the die, through the lead frame (inside 
the parQ, and out the fms which are soldered to the PC 
board. The pins used for heat conduction are: 

TABLE I 



Part 


Package 


Pins 


LP2952IN, LP2952AIN, 
LP2952IN-3.3, LP2952AIN-3.3 


14-Pin DIP 


3, 4, 5, 
10,11,12 


LP2953IN, LP2953AIN, 
LP2953IN-3.3, LP2953AIN-3.3 




4, 5, 12, 13 


LP2952IM, LP2952AIM, 
LP2gS2IM-3.3, LP2952AIM-3.3, 
LP29S3IM, LP2g53AIM, 
LP2953iM-3.3, LP29S3AIM-3.3 


16-Pin Surface 
Mount 


1,8, 9,16 



Figure 2 shows copper patterns which may be used to dissi- 
pate heat from the LP2952 and LP2953: 



"16 PIN DIP 




16 PIN SURFACE 
MOUNT ^ 



TL/H/11127-a 

•For best results, use L = 2H 

••14-Pin DIP is similar, refer to Table I for pins designated for lieatsinking. 

FI6UliE2; eeppH-Meattlflli'PKttems 

Table II shows some values of junction-to-ambient thermal 
resistance (9j_a) for values of L and W for 1 oz. copper: 

TABLE II 



Package 


L(ln.) 


H(ln.) 


ej_Afc/w) 


16-Pin DIP 


1 


0.5 


70 




2 


1 


60 




3 


1.5 


SB 




4 


0.19 


66 




6 


0.19 


66 


14-Pin DIP 


1 


0.5 


65 




2 


1 


51 




3 


1.5 


49 


Surface Mount 


1 


0.5 


83 




2 


1 


70 




3 


1.5 


67 




6 


0.19 


69 




4 


0.19 


71 




2 


0.19 


73 



m 



Application Hints (Continued) 

HEATSINK REQUIREMENTS (Military Temperature 
Range Devices) 

Ttie maximum allowable power dissipation for the 
LP2953AMJ Is limited by the maximum junction temperature 
( + 1 50°C) and the two parameters that determine how 
quickly heat flows away from the die: the ambient tempera- 
ture ar)d the junction-to-ambient thermal resistance of the 
part. 

The military temperature range (— 55°C <. Tj s + 150°C) 
parts are manufactured in ceramic DIP packages which con- 
tain a KOVAR lead frame (unlike the industrial parts, which 
have a copper lead frame). The KOVAR material is neces- 
sary to attain the hermetic seal required in military applica- 
tions. 

The KOVAR lead frame does not conduct heat as well as 
copper, which means that the PC board copper can not be 
used to significantly reduce the overall junction-to-ambient 
thermal resistance in applications using the LP2953AMJ 
part. 

The power dissipation calculations for military applicalions 
are done exactly the same as was detailed in the previous 
section, with one important excepUon: the value for 0(j-a)> 
the junction-to-ambient thermal resistance, is fixed at 
9S°C/W and can not be chai^ged fay addinq copper foil pat- 
terns to the PC board. This leads to an important fact The 
maximum allowable pamat tMsalpBBon ia ai^ afpHcaSon us- 
ing the LP29S9AMJ Ig depen^eiM aify mt the ambient tem- 
peraturs: 

P(ma)0 = TR(max) / »(J-a) 
I ,^ Tj(inax) ~ TA(maiil 
9(J-A) 

P(max) = l^-^* 



'A(max) 



95 



Figure 3 shows a graph of maximum allowable power dissi- 
pation vs. ambient temperature for the LP2953AMJ, made 
using the 95°C/W value for Sy.A) and assuming a maxi- 
mum junction temperature of 1 SCC (caution; the maximum 
ambient temperature which will be reached in a given appli- 
cation must always be used to calculate maximum allowable 
power dissipation). 



EXTERNAL CAPACITORS 

A 2.2 fiF (or greater) capacitor is required between the out- 
put pin and ground to assure stability when the output is set 
to 5V. Without this capacitor, the part will oscillate. Most 
type of tantalum or aluminum electrolytics will work here. 
Film types will work, but are more expensive. Many alumi- 
num electrolytics contain electrolytes which freeze at 
— 30°C, which requires the use of solid tantalums below 
— 2S°C. The important parameters of the capacitor are an 
ESR of about sn or less and a resonant frequency above 
500 kHz (the ESR may increase by a factor of 20 or 30 as 
the temperature is recfciced from 2S°C to -30°C). The value 
of this capacitor may be increased without limit. 
At lower values of output current, less output capacitance is 
required for st£d>ility. Tfie capacitor can be reduced to 
0.^ ftF for currents below 10 mA or 0.22 fiF for currents 
below 1 mA. 

Programming the output for voltages below 5V runs the er- 
ror amplifier at lower gains requiring more output capaci- 
tance for stability. At 3.3V output, a minimum of 4.7 jiF is 
required. For the worst-case condition of 1 .23V output and 
250 mA of load current, a 6.8 fiF (or larger) capacitor should 
be used. 

A 1 |u.F capacitor should tie placed from the input pin to 
ground if there Is more than 10 inches of wire between the 
input and the AC filter capacitor or if a battery input is used. 
Stray capacitance to the Feedback terminal can cause in- 
stability. This problem is most likely to appear when using 
high value external resistors to set the output voltage. Add- 
ing a 100 pF capacitor between the Output and Feedback 
pins and increasing the output capaeitarKe to 6.8 ftF (or 
greater) will cure the problem. 

MINIMUM LOAD 

When setting the output voltage using an external resistive 
divider, a minimum current of 1 (lA is recommended throu^ 
the resistors to provkle a minimum load. 
It shouM be noted that a minimum k>ad current is specified 
in several of the eiecMcal chaiacteristic test conditions, so 
this value must be used to obtain eoirelation on these tast- 
ed limits. 
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Application Hints (Continued) 

PROGRAMMING THE OUTPUT VOLTAGE 

The regulator may be pin-strapped for 5V operation using its 
internal resistive divider by tying the Output and Sense pins 
together and also tymg the Feedback and 5V Tap pins to- 
gether. 

Alternatively, it may be prograinmed for any voltage be- 
tween the 1.23V reference and the 30V maximum rating 
using an external pair of resistors (see Figure 4). The com- 
plete equation for the output voltage is: 

VouT = Vref (i + ^) + Ofb X R1) 

where Vref is the 1 .23V reference and IpQ is the Feedback 
pin bias current (-20 nA typical). The minimum recom- 
mended load current of 1 )iA sets an upper limit of 1 .2 MSI 
on the value of R2 in cases where the regulator must work 
with no load (see MINIMUM LOAD). IpB will produce a typi- 
cal 2% error in Vqut which can be eliminated at room tem- 
perature by trimming R1. For better accuracy, choosing 
R2 = 100 kn will reduce this error to 0.17% while increas- 
ing the resistor program current to 12 iiA. Since the typical 
quiescent current is 1 20 ^A, this added current is negligible. 




TL/H/11127-9 

FIGURE 4. Adluatabte Itegukilor 

'See Application Hints 

■■Olive with TTL-kMr to shut donin 

DROPOUT VOLTAGE 

The dropout voltage of the regulator is defined as the mini- 
mum input-to-output voltage differential required for the out- 
put voltage to stay within 100 mV of the ou^iut voltage mea- 
sured with a 1 V differential. Tlie dropout voltage is indeperv 
dent of the programmed output voltage. 

DROPOUT DETECTION COMPARATOR 
This comparator produces a logic "LOW" whenever the out- 
put falls out of regulation by more than about 5%. This fig- 
ure r^ults from the comparator's built-in offset of 60 mV 
divided by the 1.23V reference (refer to bk>ck diagrams on 
page 1). The 5% kwr trip lev^ remains constant regardless 
of the programmed output voltage. An out'M^egulation cofv 
ditkm can result from tow input voltage, cumnt Nmifing, or 
tfiermal Hffliting. 



f^ure 5 gives a timing diagram showing the relattonship 
between the output voltage, the ERROR output, and input 
voltage as the input voltage is ramped up and d enm to a 
regulator programmed for 5V output. The ERROR signal be- 
comes low at about 1.3V input. It goes high at about 5V 
input, where the output equals 4.75V. Since the dropout 
voltage is load dependent, the input voltage trip points will 
vary with load current. The output voltage trip point does 
not vary. 

The comparator has an open-collector output which re- 
quires an external pull-up resistor. This resistor may be con- 
nected to the regulator output or some other supply voltage. 
Using the regulator output prevents an invalid "HIGH" on 
the comparator output which occurs if it is pulled up to an 
external voltage while the regulator input voltage is reduced 
below 1 .3V. In selecting a value for the pull-up resistor, note 
that while the output can sink 400 ^tA, this current adds to 
battery drain. Suggested values range from 100 kn to 
1 MSI. This resistor is not required if the output is unused. 
When V|N ^ 1 .3V, the error flag pin becomes a high imped- 
ance, allowing the error flag voKage to rise to its pull-up 
voltage. Using Vqut 9s the pulkip voltage (rather than an 
fficternal 5V sourese) will keep Uie error flag voltage t>elow 
1.2V (typical) in this condition. The user may wish to divide 
down the error flag voltage using equal-value resistors 
(10 kSl suggested) to ensure a low-level logic signal during 
any fault condition, while still allowing a valid high logic level 
during normal operatkMi. 




TL/H/11127-10 

FIGURE 5. ERROR Output Timing 

*ln shutdown mode, ERROR will go high if it has been pulled up to an 
external supply. To avoid this invalkt response, pull up to regulator output 
"eatu vaKiedependti en drapout vellaee^ (See AffUaHon HM^ 



OUTPUT ISOLATION 

The regulator output can be left connected to an active volt- 
age source (such as a battery) with the regulator input pow- 
er shut off, as long as the regulator ground pin is con- 
nected to ground. If the ground pin is left floating, damage 
to the regulator can occur if ttie output is pulled up l>y »i 
external voltage source. 
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Application Hints (Continued) 
REDUCING OUTPUT NOISE 

In reference applications it may be advantageous to reduce 
the AC noise present on the output. One method is to re- 
duce regulator bandwidth by increasing output capacitance. 
This is relatively inefficient, since large increases in capaci- 
tance are required to get significant improvement. 
Noise can be reduced more effectively by a bypass capaci- 
tor placed across R1 (refer to Figure 4). The formula for 
selecting the capacitor to be used is: 

Cb = 

" 2n- R1 X 20 Hz 

This gives a value of about 0.1 ^iF. When this is used, the 
output capacitor must be 6.8 jxF (or greater) to maintain 
stability. The 0.1 |aF capacitor reduces the high frequency 
gain of the circuit to unity, lowering the output noise from 
260 fiV to 80 jiV using a 10 Hz to 100 l<Hz bandwidth. Also, 
noise is no longer proportional to the output voltage, so im- 
provetnents are more pronounced at high output voltages. 

AUXILIARY COMPARATOR (U>2953 onl^ 
The LP2953 contains an auxitiaty comparator whose invert- 
ing Input Is connected to the 1.23V reference. The auxiliary 
comparator has an open-coHector ou^mA whose electrical 
characteristics are similar to the dropout detection compar- 
ator. The non-inverting input ar)d output are brou(^ out for 
external connections. 

SHUTDOWN INPUT 

A logic-level signal will shut off the regulator output when a 
"LOW" (<1.2V) is applied to the Shutdown input. 
To prevent possible mis-operation, the Shutdown input must 
be actively terminated. If the input is driven from open-col- 
lector logic, a pull-up resistor (20 Ml to 100 kfl recommend- 
ed) should be connected from the Shutdown input to the 
regulator input. 

If the Shutdown input is driven from a source that actively 
pulls high and low (like an op-amp), the pull-up resistor is 
not required, but may be used. 

If the shutdown functton is not to be used, the cost of the 
pull-up resistor can be saved by simply tying the Shutdown 
input directly to the regulator input. 
IMPOR TANT; Sinc e the Absolute Maximum Ratings state 
that the Stiutdown input can not go more than 0.3V lielow 
ground, the reverse-battery protectkwi feature wtwc h pro- 
tects the regulator Input is aaciificed if ttia ^irtSim input is 
tied directly to the regulator input 
If rsverse-tMdtery protectkm is required in an applteatnn, Uw 

tor input must be used. 
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Ordering Information 

LP2952 



Order 
Number 


Temp. 
Range 
(Tj)°C 


Padcage 


NSC 
Drawing 
Number 


LP2952IN, LP2952AIN, 

LP2952IN-3.3. 

LP29S2AIN-3.3 


-40 to 
+ 125 


14-Hn 
MoMedDIP 


N14A 


LP2952IM. LP2952AIM, 

LP2952IM-3.3, 

LP29S2AIM-3.3 


-40 to 
+ 125 


16-Pin 
Surface 
Mount 


M16A 


LP2953 


Order 
Nuiiibei 


Temp. 
Range 
(Tj)°C 


Package 


NSC 
Drawing 
Number 


LP2953IN, IP29S3AIN, 

LP29S3IN-3.3. 

LP2953AIN-3.3 


-40 to 
+ 125 


16-Pin 
MoMedDIP 


N16A 


LP2953IM, LP2953AIM, 

LP2953IM-3.3, 

LP2SS3AIM-3.3 


-40 to 
+ 125 


16-Rn 
Surface Mount 


M16A 


LP2953AMJ/863 


-55 to 
+ 150 


16-Pin 
Ceramic DIP 


J16A 
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Typical Applications 
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'Output voltage equals + V[n minum dropout voltage, which varies otit- 
put current Current limits at a maximum of 380 mA (typical). 
"Select R1 so that the comparator input voltage Is 1.23V at ttie ou^)ut 
voltage which corFe^onds to the desired fault current value. 
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SV Regulator with Error Flags for 
LOW BATTERY and OUT OF RE6ULATI0N 
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'Connect to Logic or fiP control inputs. 

LOW BATT flag wwns the user that ^e battery has disdiarged down to 
about 5.8V, giving tiie user time to recharge the battery or power down some 
hardware with high power requirements. The output is still in regulation at 
this time. 

OUT OF REGULATION flag indicates when the battery is almost complete^ 
db»harged; and can be used to iFtfB&te a patm-<ki>m sequonoe. 
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Typical Applications (Continued) 
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SV Regulator With Timed Power-On Reset 
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Typical Applications (ConSnuecQ 



5V Regulator with Snap-On/Snap-Off 
Feature and Hysteresis 
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•Turns ON at V|N - 5.87V 
Turns OFF at V|n - 5.64V 
(tor conipanent values shown) 



5V Regulator with Error Flags for 
LOW BATTERY and OUT OF REGULATION 
With SliAIMill^NAP-017 Output 
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TL/H/1 1127-23 

'Connect to Logic or /iP control inputs, 
OUTPUT tias SNAP-ON/SNAP-OFF feature. 

LOW BATT flag warns ttie user that the battery has discharged down to 
about 5.8V, giving the user time to recharge the battery or shut down hard- 
ware with high power requirements. The output Is still In regulation at this 

time. 

OUT OF REGULATION flag goes low If the output goes below about 4.7V, 

which could occur from a load fault 

OUTPUT has SNAP-ON/SNAP-OFF feolUB. Regulalor snaps ON at about 
6.7V input, and OFF at about 6.6V. 



5V Regutotor witfi Timed Power-On Reset, Snap-On/Snap-Off Feature and Hysteresis 

Tfennbig DtaQram 
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Physical Dimensions indies (mmmeters) (continued) 
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SEMICONDUCTOR CORPORATION. As used herein: 

1. Life support devices or ^sterns are devices or 2. A critical component Is any component of a life 



syst^s which, (a) are intended for surgical implant 
Into the body, or (b) support or sustain life, and whose 
failure to perform, when properly used in accordance 
with instructions for use provided in the lak>eling, can 
be reasonably expected to result in a agniffoant infuty 
to the user. 



support device or system whose failure to perform can 
be reasonably axpactad to cause the failure of the tfe 
support device or ^stem, or to affect Ms a^e^ or 
effectiveness. 
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Physical Dimensions inches (millimerters) (Continued) 
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